Recent years have witnessed an increase in the mortality of honey bees in many regions of the world. The observed decrease in the bee population results from a combination of factors, and microsporidian parasites Nosema apis and N. ceranae are among the main contributors. Those parasites cause a microsporidian infection that shortens the lifespan of bees and reduces the productivity of bee colonies. The aim of this study was to evaluate the effectiveness of Nozevit, Api Herb and ApiX (acetylsalicylic acid + Artemisia absinthium L. extract) in the control of infections caused by Nosema spp. in a fi eld experiment. Two groups of worker bees were evaluated -hive bees and forager bees returning to the hive. The effect of the analyzed therapies on the number of spores and the microsporidia species were analyzed by the hemocytometric method and duplex PCR. A statistical analysis revealed that the applied treatments had reduced the number of spores by 31.15% on average. In hive bees, Nosema spp. infection was most effectively reduced by Nozevit (67.85%) and ApiX (63.36%). Coinfections (N. ceranae and N. apis) were affi rmed in all bee samples before treatments. However, after the treatments, single infection of N. apis and N. ceranae were detected. The tested treatments were more effective in the control of N. apis than N. ceranae.
INTRODUCTION
The global increase in honey bee mortality rates is associated with the widespread use of crop protection chemicals, monoculture farming and various diseases affecting bee colonies. The leading causes of adult bee diseases in honey bees are two microsporidian species of the genus Nosema (kingdom Fungi, class Microsporidia, family Nosematidae) -Nosema apis and N. ceranae along with Varroa destructor mite, honey bee viruses and their interactions [1] [2] [3] . These parasites cause microsporidiosis (nosemosis), an infection that spreads per os with contaminated food. The pathogens proliferate mainly in mid-intestinal epithelial cells [4] . In worker bees, microsporidian infections inhibit the development of hypopharyngeal glands that secrete royal jelly, thus disrupting the feeding of queens and the brood [5] . N. apis infections shorten the lifespan of worker bees and queen bees, leading to ovarian damage and infertility in queens [6] . The disease lowers honey production and can reduce brood by even 50%. N. ceranae infection develops rapidly and may be highly lethal. Bees die within 8 days after experimental exposure to N. ceranae under laboratory conditions [7] . However, in mixed infections (N. apis and N. ceranae), no competitive advantage was affi rmed for N. ceranae for either infectivity or spore growth [8, 9] . The symptoms of N. ceranae infections in bee colonies are visible throughout the year, whereas the disease spread by N. apis disappears in the warm months of the year. Symptoms traditionally as fecal marks, sick crawling bees attributed to N. apis infection were observed in the majority of N. ceranae infected bees [10] . In most cases, the disease spreads when healthy and infected colonies are merged and when contaminated hive equipment and food reserves are used. Young queen bees and worker bees from apiaries affected by nosemosis can also be a source of disease [11, 12] .
The main challenge facing beekeepers is to limit the spread of sporozoan infections in bee colonies. The use of the antibiotic Fumagillin DCH is not licensed in most countries of the European Union due to the side effects of its commercial formulation, like genotoxic and tumorigenic properties [13, 14] and stability in honey [15] . The most popular alternative treatments against nosemosis including Api Herb, Nozevit, Feed Gold, Protofi l and Nosestat, are not always effective [16] [17] [18] .
The aim of this study was to evaluate the effectiveness of three preparations in the control of infections caused by Nosema spp. in a fi eld experiment. Two preparations are already commercialized (Nozevit, and Api Herb), and the third ApiX (acetylsalicylic acid + wormwood Artemisia absinthium L., extract) is currently undergoing pre-clinical trials.
MATERIALS AND METHODS

Honey bee colonies, test treatments and experimental design
In spring, the presence of Nosema spp. spores and Nosema species were determined in samples of winter hive debris from a commercial apiary, Poland (53 o 47'N, 20 o 30'E) (200 bee colonies kept in Dadant hives) by the microscopic method. To evaluate the effectiveness of the tested treatments an experimental apiary of 25 bee colonies was established. The outward symptoms of nosemosis were not observed in the analyzed colonies. All hives/groups were in similar health conditions before the experiment. The bees were divided into fi ve groups. Group N was treated with herbal product Nozevit International © in sugar syrup (1:1 water/sugar) at 3ml/4l of syrup. Group AH had received herb-based preparation ApiHerb (Chemicals Laif srl, Italy) at 4g/50ml of syrup. Group AX administered ApiX (acetylsalicylic acid + extract of wormwood Artemisia absinthium L.), at 1.5mg/10l of syrup. Two control groups were included in the study, one fed sugar syrup (Cs) and the other that was not additionally fed or medicated (C0). The treatments and sugar syrup were administered 4 times, every 2 days, in early April, at 0.5 l/colony in feeders that enable feed intake control.
The effect of the test treatments on Nosema spp. was analyzed by the hemocytometric method with the use of a modifi ed Neubauer chamber and by duplex PCR. Sixty hive bees (HB) were randomly harvested from the brood comb in the center of the nest and 60 forager bees (FB) returning to the hive were randomly collected from the hive entrance using a special catching device. First samples were collected 7 days after the last administration of feed and test treatments. Overall, samples were taken 5 times, every 7 days around noon. Number of spores was determined in accordance with the guidelines of the Offi ce International des Epizooties [19] .
Duplex PCR
To identify Nosema spp. all samples were analyzed using duplex PCR method and species -specifi c primers (321APIS-FOR/REV for detection of N. apis and 218MITOC-FOR/REV for detection of N. ceranae) designed by Martin-Hernandez et al. [20] . Genomic DNA was isolated from fi ltered and centrifuged (800 g for 6 minutes) sample suspensions using the Genomic DNA Mini Kit (A&A Biotechnology, Gdynia, Poland). Purifi ed DNA was stored in test-tubes at a temperature of -20 0 C for further analysis. Duplex PCR reaction was carried out using HotStarTaq Plus Polymerase (Qiagen). The reaction mixture of 20 μl comprised around 120 ng isolated DNA (from 1 to 3 μl), 10μl HotStarTaq Plus Master Mix 2x, 2 μl CoralLoad Concentrate 10x, and 0.1 μl of each primer (with a fi nal concentration of 0.5 μM). The reaction was carried out in the Mastercycler thermocycler (Eppendorf). PCR commenced with initial denaturation for 5 minutes at 95°C. The reaction mixture was then cycled 35 times, in the following steps: denaturation at 94°C for 45 seconds, primer annealing at 55°C for 45 seconds and extension at 72°C for 1 minute. The last reaction was followed by fi nal chain synthesis at 72°C for 10 minutes. The products of the duplex PCR reaction were separated by electrophoresis in 2% agarose gel in 1x TAE at 5 V/cm. The size of the obtained products was evaluated by comparison with the GeneRuler 100 bp Plus DNA Ladder (Fermentas) molecular size marker. Ethidium bromide was added to the gel at 0.5 μg/ml to visualize the resulting DNA fragments of Nosema spp. Electrophoresis results were archived using the GelDoc (Bio-Rad) gel documentation system.
The results were processed in the Statistica 9.0 application for Windows using one-way ANOVA and Duncan's test (p≤0.05 and p≤0.01).
RESULTS
Based on hemocytometric analysis of 25 bee colonies, the average number of Nosema spp. spores in HB from winter hive debris ranged from 13.74 x 10 4 in group N to 25 .62 x 10 4 in group Cs (Table 1 ). The average number of Nosema spp. spores in HB collected from the brood comb before treatment ranged from 18.36 x 10 4 in group AH to 28.0 x 10 4 in group N. A signifi cant decrease in Nosema spp. spore counts was noted in HB from all groups as early as during the fi rst analysis after 4 applications of Nozevit, Api Herb, ApiX and sugar syrup (7 days after the last application). The decline in spore counts was maintained throughout the experiment (Table 1) . Before treatment, the number of spores in FB was in the range of 10.62 x 10 4 in group AH to 16.14 x 10 4 in group N. During the fi rst test after treatment, the number of spores increased in groups N, AH, AX and Cs, whereas a signifi cant decrease was noted in group C0 (Table 2) . Spore counts decreased in all groups on succeeding dates of analysis. The greatest decrease (put the extract number and signifi cance level) was observed in group N, followed by groups AH, C0 and Cs.
A comparison of spore counts in HB and FB in the analyzed groups did not reveal signifi cant differences. A signifi cant increase in the number of spores infecting FB relative to HB was observed only during the fi rst analysis in groups N and AH. A signifi cant increase in the number of spores was observed in HB from group Cs in tests I, II and III, and in HB from group C0 -in test III.
The effectiveness of the analyzed treatments was evaluated by the hemocytometric technique based on the number of spores, but this method was not used to identify Nosema pathogens to species level because it does not enable species identifi cation [21] . Microsporidia species were validated by duplex PCR. Duplex PCR revealed only mixed (N. ceranae and N. apis) infections (AC) in worker bees from winter hive debris and in HB and FB from all groups before treatment. The species composition identifi ed after treatment during successive tests in both HB and FB from different groups is presented in Tables 3 and 4 . A total of 125 HB and FB samples (100%) were analyzed (5 bee colonies per group x 5 sampling dates x 5 groups).
After the treatment HB were most frequently affected by mixed AC infections (59 samples, 47.2%), followed by N. ceranae infections (29 samples, 23.2%) and N. apis infections (6 samples, 4.8%). Spores were not detected in 31 samples (24.8%) . N. apis spores were not observed in HB from group Cs fed sugar syrup (Table 3) . Forager bees were also most frequently affected by mixed AC infections, which were observed in 56 samples (44.8%). N. apis infections were noted in 11 samples (8.8%), and N. ceranae infections in 27 samples (21.6%), whereas 31 samples (24.8%) were free of infection (Table 4 ).
Our research indicates that after treatment the coinfections of N. apis and N. ceranae were predominant. However, single infections of N. apis and N. ceranae were also noted. The treatments were not fully effective since spores after treatment were still present, though to a lesser extent. All treatments were more effective in the control of N. apis than N. ceranae. 
DISCUSSION
Hemocytometric analyses investigating the effect of Nozevit, Api Herb and ApiX on infected bees revealed that all of the tested treatments lowered Nosema spp. spore counts by 31.15% on average. The greatest drop in spore counts was noted in HB treated with Nozevit (67.85%) and ApiX (63.36%). The number of spores in FB increased by 52.41% after the administration of Nozevit and by 7.69% after ApiX treatment. The above results indicate that Nozevit delivers short-lived therapeutic effects. An increase in spore counts was observed in forager bees that need more energy to collect nectar and pollen and are more likely to be exposed to pathogenic spores in the environment.
Similar results were reported by other authors who evaluated the effi cacy of different treatments in reducing Nosema. spp spore counts. In a study of Sicilian bee colonies displaying evident symptoms of nosemosis, Bessi and Nanetti [22] demonstrated that the administration of Api Herb at 4 g/50 ml of sugar syrup over a period of 3 weeks had reduced the number of Nosema spp. spores in worker bees by 46%, whereas fumagillin decreased spore counts by 60%. [24] . In another research Talk-Gajger et al. tested the effectiveness of Nozevit. On the 10th day after the treatment of Nosema disease with Nozevit, they observed similar percentage reductions in the number of spores in the treated colonies as in their previous testing. Gajger et al. suggested that the herbal preparation induces the production and secretion of mucous from the epithelial layer [17] . Higes et al. evaluated the effi cacy of Nozevit, using experimental doses (different doses than recommended by the manufacturer). The results showed that in the experimental group after Nozevit treatment of 4 doses a week of 20 drops (1 ml) in 500 ml of sugar syrup, the number of Nosema spores decreased. Hovever, the effi cacy Nozevit was lower than when fumagilin was used [18] .
In this study, ApiX reduced spore counts in HB by 63.36%, similarly as Nozevit, and it was twice as effective in eliminating nosemosis than Api Herb. A minor increase in spore counts was noted in FB (7.69%), and it was lower than in FB from group Cs fed sugar syrup. The tested treatments did not exert negative effects on bee colonies.
The differences in treatment effect on two Nosema species in have never been investigated for various reasons, mainly because the same insect cannot be analyzed on multiple occasions. In this study, the spores were detected microscopically during successive tests in randomly sampled bees. Duplex PCR confi rmed the presence of different microsporidia species in worker bees sampled from the same colony on different dates. The above results validate our previous observations [21] that worker bees infected with different Nosema species can inhabit the same colony [25] . Meana et al. [26] also demonstrated that the origin of the sampled material plays an important role in the identifi cation of N. ceranae spores. In the cited study, spore counts in worker bees differed subject to sampling location and sampling hour. The highest spore counts were reported in forager bees regardless of the sampling hour and in forager and hive bees that were collected around noon.
The treatments used in our research to control Nosema infection reduced the load of this pathogen in the treated groups. However, it was not fully effective, because after treatment spores were still present, though less frequently. Based on the presented data we conclude that the Nozevit, Api Herb and ApiX were more effi cient to control of N. apis compared to N. ceranae.
